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Abstract 

 
The search for bioactive compounds, or genes in macro- and microorganisms from the sea, is 

termed marine bioprospecting. Marine bioprospecting aims to increase the utilization and value 

of marine biomasses and organisms with the purpose of developing commercial products. 

Because of the special condition of the sea, it is known that marine invertebrates have adapted 

chemical defense strategies to survive, such as producing secondary metabolites. Secondary 

metabolites are unique in diversity, functional and structural features, and it has been shown 

that secondary metabolites can have bioactive properties. These secondary metabolites result 

in the ocean offering a variety of compounds with bioactive activity that can be utilized as 

commercial products such as pharmaceuticals. 

 

In this project the aim was to isolate and characterize secondary metabolites from marine 

invertebrates. Four flash fractions with anticancer activity against a human melanoma cancer 

cell line (A2058) were selected for dereplication with high-resolution mass spectrometry. Two 

flash fractions from Porifera Indet and Lucernaria quadricornis extracts were chosen for 

further isolation using preparative high performance liquid chromatography and structure 

elucidation using nuclear magnetic resonance spectroscopy. The purified compounds were 

screened for bioactivity using anticancer- and antibacterial assays. No activity was detected 

with the test concentration employed in the assays.  
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1 Introduction  

1.1 Natural products 

Natural products are defined as a compounds that is biosynthesized by a living organism such 

as a plant, an animal, or a microorganism (1,2). Overall, natural products have larger structural 

diversity and complexity with a higher molecular mass, greater molecular rigidity, more sp3-

carbons and oxygen atoms, and a higher proportion of hydrogen-bonds acceptors and hydrogen-

bond donors compared to synthetic compound libraries. Natural products have been a major 

source for medicinal use for a thousand years and are an excellent resource for discovering 

potential new drug lead compounds (3,4) 

 

1.1.1 Primary and secondary metabolites 

Natural products can be divided into primary and secondary metabolites. The processes of 

synthesizing and metabolizing compounds such as proteins, carbohydrates, fats, and nucleic 

acids are crucial for the organisms vital functions, such as growth, respiration, energy storage, 

and reproduction. These processes are termed primary metabolism, and the resulting products 

are known as primary metabolites. Variants of primary metabolites are universal to larger 

groups of organisms (3). 

 

Secondary metabolites are not essential for an organisms growth, development, or reproduction. 

Instead, they are produced to be beneficial for long-term survival or increase the chance of 

reproduction. Secondary metabolites may protect against predators or pathogens or be 

beneficial in the competition for space and nutrition. The production of specific secondary 

metabolites is often triggered by environmental cues. This entails that the organism senses 

changes in its environment (for example the presence of pathogenic microorganisms or 

changing salt concentration), which initiates the production of secondary metabolites as part of 

adaption (3,5). The secondary metabolites are not vital for the immediate survival of the 

producing organism and are therefore not produced under every circumstance as primary 

metabolites are. Also, a specific secondary metabolite is often only produced by a single species 

or by a group of closely related species (3). 
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1.1.2 Natural products as pharmaceuticals 

Many secondary metabolites or secondary metabolite derivates are used as pharmaceuticals 

today. The first record of natural products was dated as early as 2600 years before Christ on 

clay tablets in Mesopotamia, documenting the use of plant-based oil against colds, 

inflammation, and coughs (3). A known example of a natural product isolated from a plant is 

morphine isolated from papaver somniferum. A pharmacist named Friedrich Sertürner was the 

first to isolate the crystals from the opium poppy, and with this, morphine became the first 

natural product to be commercialized in its pure form as far back as 1803 (3,6). Even though 

the structure was not elucidated until 120 years later, morphine was found to be an excellent 

analgesic and a sedative because of its action on the central nervous system (CNS) (7). One of 

the most famous natural product discoveries occurred in 1929 when Alexander Fleming isolated 

Penicillin from the fungus Penicillium chryogenum. Newer studies have re-identified the strain 

of the fungus as Penicillium rubens. (3,8).  Penicillin is a ß-lactam antibiotic that affects a wide 

range of bacteria by inhibiting the synthesis of the bacteria cell wall, resulting in an antibacterial 

effect (9). 

1.1.3 Marine bioprospecting and marine natural products 

The ocean harbors the richest biodiversity that exists on the planet. The special conditions of 

the sea, such as temperature fluctuations, varied pressure, salinity and lack of sunlight, have 

made organisms living in it develop properties such as producing secondary metabolites to 

survive (10-12). This results in the ocean representing a reservoir of chemical 

compounds/secondary metabolites that are unique in terms of diversity, functionality, and 

structural features.  The biodiversity the ocean has to offer in addition to all the organisms 

producing various metabolites, making the marine environment an excellent source for 

discovering new drug lead compounds (11,13,14). The search for bioactive compounds, or 

genes in macro- and microorganisms from the sea, is termed marine bioprospecting. Marine 

bioprospecting aims to increase the utilization and value of marine biomasses and organisms 

with the purpose of developing commercial products (12,15). The first biological active marine 

natural product from the sea was reported late in 1950. Since then, the total number of approved 

drugs sourced from the marine organism has increased. In 2021 there were 13 approved drugs 

by the EMA (European Medicine Agency) and/or FDA (U.S Food and Drug Administration), 

in addition to many other compounds in the preclinical phase and phase I, II and III (16,17). 
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One example of a successful story of a drug with origin from marine organisms is Yondelis®. 

Trabectedin (Yondelis®) is originally isolated from the Caribbean tunicate, Ecteinascidia 

turbinata, and is an intravenous treatment used against metastatic, soft tissue sarcomas and 

ovarian cancer (18). The mechanism of action is binding to the DNA, disrupting the cell cycle 

and inhibiting cell proliferation (19). The medicine has shown a low toxicity profile and is now 

an approved treatment in over 70 countries (18). Prialt® is also a medicine based on a chemical 

structure from a marine organism. The active component in Prialt® is ziconotide, which is the 

synthetic form of ω-conotoxin MVIIA, and is the venom obtained from the marine snail Conus 

magus. The medicine is a non-opioid analgesic used to treat severe chronic pains in adults and 

is administrated intrathecal (20,21). It works by blocking neuronal N-type calcium channel that 

reduces nociceptive transmission and leads to analgesia (22). 

1.2 Marine invertebrates 

Marine invertebrates are defined as organisms from the sea lacking a vertebra column and are 

classified under different taxonomic groups such as Porifera, Mollusca, Cnidaria, Arthropoda, 

and Echinodermata (23). As they do not have a vertebra column, this entails that they lack the 

adaptive immune system found in, e.g., humans. Many are filter feeders, meaning that they are 

heavily exposed to the bacteria and viruses found in the ocean. In addition, many are sessile 

and live the majority of their life attached to one spot. To avoid pathogenic infections and 

pathogenic attacks and to prevent being overgrown by other species, invertebrates have 

developed a chemical defense strategy for protection by producing secondary metabolites. For 

example, these secondary metabolites can, e.g., be antibacterial or toxic to predators (14,24,25). 

As mentioned above, it is the secondary metabolites that have been particularly successful as 

pharmaceuticals. Many marine natural products isolated from invertebrates have shown 

therapeutic effects such as antimicrobial, antihypertensive, anticancer, and anti-inflammatory, 

among others (25). Therefore, it is easy to understand why we use biomass from marine 

invertebrates as the starting point for the work conducted as part of this project. 

1.2.1 Porifera 

Species belong to the Porifera phylum are among the simplest multicellular animals that exist 

and are commonly known as sponges. They consist of numerous cells aggregated and organized 

into a recognizable organism. Their bodies consist of pores, holes, and chambers. Water is 

transported through these openings into something called spongocoel. In the spongocoel, food 

and oxygen are extracted by flagellated choanocytes, and carbon dioxide and waste exit through 
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a large pore called the osculum (14). Sponges also consist of microorganisms living on the 

surface or inside their bodies. These microbes can include bacteria, fungi, and microalgae. This 

symbiosis between the sponge and the microbe is advantageous for the sponges survival as it, 

for example, can contribute to the hosts defense by producing bioactive metabolites (26). In 

some cases, it has been thought that the sponges produced the isolated bioactive compound, 

while later, it has been confirmed that it has its origin from the bacteria living in symbiosis with 

it (17). In this project, a species identified as Porifera Indet (species is not determined) from 

the phylum Porifera was investigated. 

1.2.2 Cnidaria  

The phylum Cnidaria is a large taxonomic group that consists of a variety of simple but 

versatile marine organisms such as sea anemones, jellyfish, and corals. Their bodies are 

separated into an inner and an outer body with a gelatinous layer called the mesoglea. A mouth 

is located centrally and is surrounded by tentacles making it possible to ingest and capture food 

(14). Like all invertebrates, the Cnidaria also lack an adaptive immune system and to survive, 

they have provided defense mechanisms such as producing powerful venoms and toxins 

(27,28). In this project, the species Lucernaria quadricornis was investigated (Figure 1). 

Lucernaria quadricornis occurs in the shallow north Atlantic and are under the class 

Stauoromedusae, which typically are small and solitary organisms that live in shallow habitats 

near the shore (29).  

 

Figure 1: Picture of Lucernaria quadricornis. The picture is used with permission from Kåre Telnes (30). 



 

 5 

1.3 The bioprospecting pipeline: setup and methods 

The bioprospecting pipeline applied in this thesis is based on methods used at Marbio (Figure 

2). Marbio is an analytical laboratory working with identification, bioactivity screening, and 

purification of marine natural products. The pipeline starts with collecting biomasses on 

research cruises. The biomass is extracted and prefractionated before the fractions are analyzed 

in various inhouse bioassays. When an active fraction is detected, the fraction is subjected to 

chemical analysis using high-performance (HPLC) high resolution-mass spectrometry (HR-

MS) to identify compounds that could potentially be responsible for the observed bioactivity. 

When compounds with suspected novel structures or known compounds where bioactivity has 

not been explored are identified, they are selected for isolation using preparative high-

performance liquid chromatography (prep-HPLC). The structures of the isolated compounds 

are determined using nuclear magnetic resonance spectroscopy (NMR) before the compounds 

are retested to confirm or disprove their bioactivity (10). This project started with dereplication 

of fractions found to be active against the human melanoma cancer cell line A2058. 

 

 

 
Figure 2: An overview of the bioprospecting pipeline used at Marbio. Figure made with diagrameditor.com.  
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1.3.1 Sample collection, extraction and prefractionation 

Prior to the work conducted as a part of this thesis, Artic marine invertebrates were collected 

in the Barents Sea by UiT - The Arctic University of Tromsø research vessels. The samples 

were brought to the marine biobank Marbank - Institute of Marine Research Tromsø, which has 

national responsibility for collecting and storing marine organisms for scientific research. The 

crude samples were lyophilized before being extracted into organic and aqueous extracts (10). 

The organic and aqueous extracts were prefractionated before the bioactivity was tested on 

different bioassays. Prefractionation can be done in several ways, and the most used technique 

is liquid chromatography (LC), such as flash chromatography or high-pressure liquid 

chromatography (HPLC), but other techniques such as liquid-liquid partitioning can also be 

used. Since the crude samples are complex with many different components, it has been shown 

that prefractionation increases the efficiency of detecting the secondary metabolite responsible 

for the activity by removing components such as salt, sugar, and lipids (1,10). Prior to this 

project, each extract was separated into eight fractions descending in polarity from being 

hydrophilic to lipophilic using flash chromatography. 

1.3.2 Bioassay 

Bioassays can be divided into two different strategies: phenotypic screening and target-based 

screening. In phenotypic screening, the biological effect on living organisms or cells is used to 

detect an activity (31). The assays are based on knowledge of diseases and evaluate the 

compounds effect on the entire system instead of a single target. The approach does not require 

any knowledge about the compound’s mode of action or the biology of the disease. This is also 

a disadvantage of this strategy as the mode of action is not determined. Overall, this type of 

screening is broadly used and is successful in discovering new drug classes and therapeutics 

(32,33). 

 

Target-based assays measure the effect a compound has on a biological target. Biological 

targets can be cellular proteins, enzymes, ion channels, or DNA (34). The aim is to find 

components that selectively affect the biological target without producing side effects (32). The 

interaction between the compound and the target-based assay measures the efficacy and toxicity 

of the bioactive compound without any knowledge of the chemical structure (33,34). Target-

based screening is performed in vitro and does not consider the stability of cellular enzymes or 

the penetrance of a cell. Even though the compound has a biological effect in vitro does not 

mean the effect would be the same in vivo (35). 



 

 7 

Marbio, the research group where this project was carried out, routinely performs bioactivity 

screening of fractions prepared from extracts of marine invertebrates. The assays used in these 

screening campaigns include phenotypic cytotoxicity assay using malignant and non-malignant 

cell lines and antibacterial assay. The setup of the screening campaign is organized to enable 

testing of a high number of samples in several phenotypic and biochemical assays over a 

relatively short period of time. This setup is termed high throughput screening (HTS) (36). HTS 

conducted at Marbio is designed to detect fractions with bioactivity to nominate samples for 

chemical investigation and simultaneously exclude furth work on biomass without bioactivity. 

When a sample shows biological activity, various techniques are used to identify the 

compound(s) and finally determine their chemical structure(s). As the last step in the 

bioprospecting pipeline, the bioactivity profile of the isolated compound(s) is evaluated in a 

selection of bioassays to confirm or disprove their biological activity  

 

1.3.3 Dereplication 

Dereplication is the analysis of a natural product, a fraction or extract for structural information 

and evaluating whether these compound(s) are novel, known, or known with novel bioactivity 

(35,37). Dereplication is often conducted using HPLC coupled to an HR-MS (e.g., Time of 

flight). High-performance liquid chromatography high resolution-mass spectrometry (HPLC-

HR-MS) is a highly accurate and sensitive method, which is an advantage as the bioactive 

fractions pinpointed through the initial HTS step often are complex (38). There are several ways 

of performing a dereplication analysis. At Marbio, a common strategy is to perform HPLC-HR-

MS analysis of the bioactive fraction and two neighboring inactive fractions. This will enable 

to identification of compounds that are exclusively present in the bioactive fraction and thus 

are suspected to be the active component. The procedure is exemplified by the results of a 

previous dereplication round of fractions produced from the Echinodermata Pteraster militaris 

in Figure 3. Fraction 5 was active against human cancer cells, while fractions 6 and 4 showed 

no activity. Based on dereplication analysis, one compound (highlighted with arrow in Figure 

3) was exclusively present in fraction 5 and was suspected of causing the observed bioactivity. 

Then the HPLC-HR-MS software makes it possible to calculate the elemental composition of 

the compound by using the isotopic pattern and the accurate mass of the target compound. 

Search in online databases are used to consider whether the compound is novel or not (10). 

Since the probability of rediscovering a known compound is relatively high, it is essential to 

achieve dereplication at an early stage in the bioprospecting pipeline to exclude all known 
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compounds and save precious time (35). Dereplication is achieved as a pointer on which 

compound to isolate, but it is not a guarantee that the isolated compound is responsible for the 

observed biological activity (39). 

 

 
Figure 3: Example of a dereplication analysis previously conducted at Marbio of a bioactive fraction (Fr 5) from 

Pteraster militaris. Data not published. 

 

1.3.4 Purification of compound 

Extracts of marine invertebrates are complex and consist of a matrix with many different 

compounds. Purification means separating the target compound(s) from the matrix by removing 

unwanted compounds from a sample. In this project, mass guided preparative HPLC was 

conducted to isolate the target compound from the unwanted impurities for structure elucidation 

and bioactivity profiling (40).  

1.3.4.1 Preparative high performance liquid chromatography 

Preparative high-performance liquid chromatography (prep-HPLC) is a chromatographic 

method used to separate or isolate molecules from a complex matrix (41). In prep-HPLC, the 

column is filled with a packing material which constitute the stationary phase. The mobile phase 

will flow through the column, and when the sample is injected, the analytes are distributed 

between the stationary phase in the column and the mobile phase. Several physicochemical 
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factors related to the target compound, the packing material on the stationary phase and the 

composition of the mobile phase results in different retention time of the compounds. Because 

of different strengths in interactions with the stationary phase, the compounds will move 

through the column with different velocities and therefore elute at different times (42,43). The 

aim with prep-HPLC is to isolate the target compound from the rest of the matrix, and by 

programming the instrument, fractions can be collected by time or by a signal such as mass 

(m/z) or UV-absorption. With “time fraction” the instrument is programmed to collect the 

fraction over a set time period. Collecting by mass is often referred to as “mass guided 

fractionation”. With this method, an exact mass will trigger the system to collect the fraction 

(41).  

 

The separation can occur in different chromatographic modes, such as reverse phase, normal 

phase, size-exclusion, and ion-pair chromatography. Reverse phase (RP) chromatography is 

one of the most used separation methods in LC and is usually the first technique used when 

purifying and analyzing unknown compounds from a complex matrix (41). Reverse phase 

chromatography has a hydrophobic stationary phase in the column. The mobile phase consists 

of water and an organic solvent miscible with water. Water is a weak mobile phase, while 

organic solvents such as acetonitrile and methanol are strong mobile phases. An acid or base is 

often added to the mobile phase to control the pH and charge of the compounds. When the 

sample is injected onto the column, hydrophobic interactions such as Van der Waals forces are 

formed between the analyte and the non-polar stationary phase. Non-polar compounds are 

retained stronger to the stationary phase than more polar compounds and will elute later and 

have a longer retention time (43).  

 

The retention time of a reverse phase HPLC relates to the lipophilicity of a compound. The 

lipophilicity of a compound is important when looking for new drug lead compounds as it is 

desirable for a drug to have both lipophilic and hydrophilic characteristics. Compounds with a 

short retention time will have more hydrophilic properties and have a low permeability through 

biological barriers as membranes. Compounds with a long retention time will be highly 

lipophilic and are able to cross biological membranes but result in low bioavailability because 

of low solubility in the blood (44). 
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Before starting the isolation of the target compound with preparative HPLC, column screening 

is usually conducted. Columns varies in their lipophilicity which results in different affinities 

to the compounds. During column screening different columns are consequently tested to find 

the column that provides optimal separation of the target compound from the other unwanted 

compounds (45). 

 

1.3.5 Mass spectrometry 

A mass spectrometer (MS) is a method used for measuring the masses of molecules, atoms, or 

fragments of molecules (43). The molecules need to be ionized in the ion source in order to be 

detected by the detector. Several ion sources can be used, such as electrospray ionization (ESI), 

electron ionization (EI), and matrix-assisted laser desorption/ionization (MALDI), among 

others (46). The ionization source used in this project is ESI and will be further described below. 

In the mass analyzer, the ions are separated according to their m/z-ratio before they are detected 

in proportion to their abundance. The ions are converted into electrical signals transmitted to a 

data processing system, and a mass spectrum is generated. The mass spectrum presents the 

number of ions detected at each value of the m/z-ratio and provides information about the 

isotopic pattern and the mass (43).  

 

1.3.5.1 Electrospray ionization 

Electrospray ionization (ESI) is a soft ionization method that promotes molecular ions without 

typically producing fragments (43). In LC-MS, ions are produced by applying a strong electric 

field under atmospheric pressure to the mobile phase through a capillary tube. The electric 

potential at the capillary results in an aerosol of highly charged droplets of the mobile phase 

containing the analyte. The electrostatic forces in the highly charged droplets increase the 

surface tension in the droplets to a level that they break into smaller droplets. This process 

continues until the ions and mobile phase are in gas phases. A drying gas and heat help the 

droplets to evaporate, resulting in free ions that are drawn to the mass analyzer through a cone 

with an opposite charge of the ions. The charge in the capillary tube can form both positive and 

negative ions depending on the voltage (43,46). In positive ionization mode, the molecule is 

protonated and is observed as [M+H]+ ions. In negative ionization mode, the molecule releases 

a proton and is observed as [M-H]- ions. In positive mode, adduct ions such as [M+Na]+, 

[M+K]+ and [M+NH4]+ can be observed in the spectra, while in negative mode, adduct ions 

such as [M+COO]- and [M+Cl]- can be observed (47,48). 
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1.3.5.2 Quadrupole 

A quadrupole is a mass analyzer consisting of four circular rod electrodes which are placed in 

parallel diagonal distances from each other. The four electrodes are connected electrically with 

each other, where one pair is positively charged, and the other is negatively charged (49). 

Quadrupoles separate ions according to their m/z-value by applying a constant voltage (dc) and 

a radio frequency oscillating voltage (ORF) to the electrodes. By varying the voltage, only ions 

with a specific m/z-value are allowed to reach the detector. The rest will collide with the 

electrodes and not pass through the quadrupole and reach the detector. The instrument can be 

used in different modes, such as full scan or selected ion monitoring (SIM) (43). 

 

1.3.5.3 Time of flight 

A time-of-flight (ToF) mass spectrometer consists of an ion source, an accelerating grid, a field-

free tube called flight tube and a detector (50). The ions are formed through an electric potential 

in the ion source. In the accelerating grid, all the ions are applied with the same kinetic energy 

and accelerated in pulses at the same time through the flight tube (43). Ions with a low m/z-

value will fly with a higher velocity in the flight tube than ions with a higher m/z-value. The 

m/z-values will therefore be separated according to their velocities. In the ToF instrument, the 

m/z-values are calculated by the flight time of the ions, the kinetic energy, and the distance 

between the pusher and the detector (50,51). ToF instruments are high-resolution mass 

analyzers (HR-MS) and can determine the molecular weight of substances with an accuracy of 

up to four decimals places. This means that the instrument is extremely precise and can separate 

ions with similar m/z-value, making HR-MS valuable for researchers working with isolation of 

natural products and novel compounds (51). 

 

1.3.6 Nuclear magnetic resonance spectroscopy 

The nuclear magnetic resonance spectroscopy (NMR) technique records the change in energy 

that occurs when atomic nuclei in an external magnetic field are exposed to electromagnetic 

radiation. The NMR technique is most widely used to map the carbon-hydrogen framework of 

molecules. 13C and 1H are nuclei that spin around their own axis, and when they are exposed to 

an external magnetic field (b0), the spins of the magnetic nuclei are oriented either aligned 

parallel or antiparallel to the external field (52). The parallel orientation has a lower energy 

state which is more favored than the antiparallel orientation. Transitions between these states 

can be stimulated with irradiation with radio frequency (rf) waves. With irradiation the lower 
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energy state “spin-flips” to a higher energy state, and when the rf is switched of, the atomic 

nuclei in a high energy state level return to the low energy level, and the absorbed rf energy is 

emitted. This energy will be detected as a spectral line called resonance signal and is displayed 

as an NMR spectrum (52,53).  Each nucleus in a molecule does not come into resonance at the 

same frequency of the applied field, and since the electrons in a molecule exist in different 

electronic environments from each other, they can shield a nearby nucleus from the applied 

field. Each nucleus produces a unique absorption signal called the chemical shift (δ) (51). 

 

The NMR spectrum can be either one-dimensional (1D) or two-dimensional (2D). The 1D-

NMR experiments are analyses of a single nucleus, and the spectrum has one frequency axis 

corresponding to the chemical shift (δ) and the other axis corresponding to the signal intensity. 

An example of 1D is 1H and 13C spectra. The 2D-NMR experiments are based on the couplings 

between two nuclei. The 2D-spectrum has two frequency axes, and the intensity of the signals 

is displayed in the third dimension (54). Examples of 2D-NMR techniques are correlated 

spectroscopy (COSY), heteronuclear multiple bond correlation (HMBC), heteronuclear 

multiple quantum correlation, (HMQC), and nuclear overhauser enhancement spectroscopy 

(NOESY) (1,55).  

1.3.7 Bioactivity screening 

1.3.7.1 Anticancer assay 

In this project, it was performed an anticancer assay on a human melanoma cancer cell line 

(A2058). Cancer is a disease where uncontrolled proliferation of the cells in the body occurs. 

It is one of the leading causes of death globally, and it exists more than 200 different types of 

cancers where some is more lethal than others (56). Melanoma is an aggressive type of skin 

cancer with high metastatic potential and Norway is one of the countries in Europe with the 

highest incidence and mortality of this type of cancer (57). The melanoma cancer cells have 

also started developing resistance to cytotoxic agents and it is therefore urgent to find new 

compounds with anticancer activity (58).  
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1.3.7.2 Antibacterial growth inhibition assay 

In this project, it was performed an antibacterial growth inhibition assay on five bacterial strains 

E. faecalis, E. coli, P. Aeruginosa, S. agalactiae and S. aureus. Bacteria is divided into Gram-

positive pathogens and Gram-negative pathogens. One main difference between Gram-positive 

and Gram-negative pathogens, is that Gram-negative pathogens consist of an extra cell 

membrane that gives the bacteria protection compared to Gram positive pathogens. This makes 

Gram-positive pathogens generally more available to antimicrobial agents. S. aureus, E. 

faecalis and S. agalactiae are Gram-positive pathogens, while E. coli and P. Aeruginosa are 

Gram-negative pathogens (59). Antibiotic resistance is an increasing threat to humans today as 

some bacterial strains have evolved mechanisms to escape the effect of antibiotics. It is 

therefore necessary to discover new compounds against bacterial pathogens due to the antibiotic 

resistance. In 2017, the world health organization (WHO) presented a priority list of pathogens 

resistant to antibiotics ranging from priority 1 to 3. Priority 1 was listed as critical, priority 2 as 

high and priority 3 as medium (60). 

  



 

 14 

2 Aim of the project 

The aim of this project was to isolate and characterize bioactive secondary metabolites from 

Arctic marine invertebrates that previously had shown activity against a human melanoma 

cancer cell line (A2058).  

 

The main objectives of the project were: 

 

• Dereplication of the bioactive fractions to identify compound(s) that could potentially 

be responsible for the observed bioactivity.  

• Isolation of the target compound(s) with preparative HPLC 

• Structure elucidation using NMR 

• Bioactivity screening of the isolated compound(s) in bioassays to evaluate the 

anticancer and antibacterial activity. 
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3 Materials and methods 

3.1 Sample handling prior to the start of this project 

The samples that were used as a starting point of the work conducted as a part of this thesis can 

be seen in Table 1. 

 

Table 1: Overview of flash fractions from marine invertebrates that showed activity against a human melanoma 
cancer cell line (A2058). The organic extract is abbreviated L, and the water extract is abbreviated W. 

Sample 

name 

Fractions with 

activity against 

A2058 

Weight 

Aqueous 

extract (g) 

Weight 

organic 

extract (g) 

 

Family 

 

Species 

M18001 W5-6-7 L1-2-5-6 99.3 20.2 Porifera indet 

M18003 W5 L4-5-7 55.7 NA* Securiflustra securifrons 

M18004 L4 86.2 13.6 Lucernaria quadricornis 

M18005 L7-8 58.8 4.0 Phycodrys rubens 

M18008 W5-6 L4-5 49.3 21.4 Porifera indet 

M18011 W5 L3-4-5-6 5.2 3.2 Algae mix 

M18012 L4-5-6 16.4 2.4 Desmarestia viridis 

M18014 W1-2-3-5 L2-3-4-5 12.4 13.1 Saxifraga oppositifolia 

M18015 W2-3-5 L3-5 7.4 3.0 Viridiplantae indet 

M18016 W2-3 L7 41.7 7.1 Ascidiacea indet 

M18018 W5-6-7 30.0 11.5 Dendrodoa aggregata 

M18019 W5 19.3 3.1 Leptychaster arcticus 

M18022 W5 L4 37.0 2.6 Polysiphonia stricta 

M18024 W3-6  33.6 23.7 Fucus evanescens 

M18027 W4-5-6 L4 31.8 2.9 Porifera indet 

M18029 L3-4 115.1 2.3 Cynaea capillata 

M18032 L5 9.2 1.8 Porifera indet 

M18033 L5 10.3 9.9 Haliclona sp 

M18034 W5 L5 38.3 4.9 Porifera indet 

M18035 L4 53.0 2.0 Actinostola callosa 

M18036 L7 249.4 3.0 Gracilechinus acutus 

M18040 L1-2-3 36.9 2.7 Brada inhabilis 

M18043 W5 16.4 2.8 Tethya norvegica 

M19019 W5 89.9 8.6 Volutopsius norvegicus 

M19023 W5 25.0 3.5 Neptunea despecta 

*NA=Not available 

 

Arctic marine invertebrates are collected with different collection methods at varying locations 

in the Barents Sea. The crude samples are sorted and taxonomically determined by the 

Norwegian Biobank of Arctic Marine Organisms, Marbank. The biomass samples are given 

names based on their preparation year. Within each year, the individual samples are given a 
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production number. For instance, a sample produced in 2018 is named M18001, where 18 refers 

to 2018 and 001 to this sample being the one that was first extracted this year. The samples are 

lyophilized before being extracted into an organic and an aqueous extract and are given the 

same name as the biomass sample with the suffix-W (aqueous) or-L (organic). The individual 

fractions are named according to their originating biomass and extract names and added the 

suffix -1, -2 up to -8, referring to the different flash fractions. For example, flash fraction 3 of 

the aqueous extract produced from biomass sample M18001 would be named M18001-W-3.  

The bioactivity of the flash fractions was tested on a human melanoma cancer cell line (A2058). 

3.2 Sample selection 

In this project, four of the twenty-five samples in Table 1 were selected to proceed to 

dereplication. Dereplication is a technique used to identify compounds that could potentially be 

responsible for the observed bioactivity. The ability of the species from sample M18004 and 

M19019 to produce secondary metabolites has not been assessed previously, making the 

samples interesting. All four samples also had a high amount of extracts to work with and were 

therefore selected for this project. Table 2 shows the collection details of the four selected 

marine invertebrates.  

 

Table 2: An overview of the collection of the marine invertebrates selected as a part of this project. The table 
shows the date, location, depth, and method for collecting the different species. 

Sample 

name/Species 

Collection 

date 

Geographic 

position 

Location Depth 

(meter) 

Collection 

method 

M18003 

S. securifrons 

12.08.2016 79.18N 

19.59E 

Hinlopen, Von 

Otterøya 

35 Triangular 

bottom 

scrape 

M18004 

L. 

quadricornis 

 

05.08.2016 74.33N 

22.33E 

Spitsbergenbanken 105 Agassiz 

dredge trawl 

M18008 

P. indet 

20.09.2017 80.20N 

12.70E 

Spitsbergen 170 Bottom 

trawl 

M19019 

V. norvegicus 

01.10.2008 74.87N 

16.93E 

Northeast Barents 

Sea 

379 Trawl 
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As a part of this project, ten flash fractions from the four species were selected for dereplication. 

A complete list with sample names used through this thesis is found in Table 3. 

 

Table 3: The ten flash fractions from the four different species selected for dereplication. 

Extract/Species Extract Fraction Sample name 

M18003 

S. securifrons 

W 

L 

L 

L 

5 

4 

5 

7 

M18003-W-05 

M18003-L-04 

M18003-L-05 

M18003-L-07 

M18004 

L. quadricornis 

L 

 

4 

 

M18004-L-04 

 

M18008 

P. indet 

W 

W 

L 

L 

5 

6 

4 

5 

M18008-W-05 

M18008-W-06 

M18008-L-04 

M18008-L-05 

M19019 

V. norvegicus 

W 5 M19019-W-05 

3.3 Dereplication 

The ten active flash fractions and the non-active fractions before and after the active fractions 

from the four selected samples M18003, M18004, M18008 and M19019 were analyzed with 

HPLC-HR-MS. The equipment and solvents used for the analysis are listed in Table 4. 

Table 4: Equipment and chemicals used during dereplication analysis of flash fraction from M18003, M18004, 
M18008 and M19019 with HPLC-HR-MS. 

Materials/Equipment Distributor 

MilliQ-H2O Millipore, Billerica, MA, USA 

MeOH LC-MS Ultra CHROMASOLV® Thermo Fisher Scientific, MA, 

USA 

LiChrosol® Acetonitrile (hypergrade for LC-MS) Merck KGaA, Germany 

Formic acid UPLC/MS (99%) Biosolve B.V. Netherland 

Vion® IMS qTOF Waters, MA, USA 

Acquity I-Class UPLC® Waters, MA, USA 

Acquity UPLC® BEH C18, 2.1x100mm, 1.7 µM 

Column 

Waters, MA, USA 

Acquity Sample Manager FTN Waters, MA, USA 

Acquity UPLC® I-Class Binary Solvent Manager Waters, MA, USA 

Acquity UPLC® PDA Detector Waters, MA, USA 

Acquity UPLC® Column Manager Waters, MA, USA 
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An amount of 5 µL of the flash fractions was mixed with 100 µL methanol (MeOH) and 

analyzed on an Acquity I-class UPLC with a C18 column coupled to a PDA detector and a Vion 

IMS Q-ToF. The mobile phase gradient and instrument parameters are listed in Table 5 and 

Table 6. 

 

Table 5: Mobile phase gradient used during analysis of flash fractions from M18003, M18004, M18008 and 
M19019 with HPLC-HR-MS. Mobile phase A: MilliQ-H2O with 0.1% formic acid, mobile phase B: acetonitrile with 

0.1% formic acid. 

Time (min) Flow (mL/min) A (%) B (%) 

Initial 0.450 90 10 

12.00 0.450 0 100 

13.50 0.450 0 100 

 

 
Table 6: Instrument parameters for the mass spectrometer used when analyzing flash fractions from M18003, 

M18004, M18008 and M19019. 

Parameters Setting 

Low mass (m/z) 50 

High mass (m/z) 2000 

Source type ESI+ 

Source temperature 120 

Desolvation temperature 350 

Desolvation gas flow (liters/hour) 600 

Capillary voltage (kilovolt) 0.80 

Cone voltage (volt) 30 

Cone gas flow (liters/hour) 50 

 

M18004-L-04 and M18008-W-05 were selected for further isolation.  

M19019 showed no compounds of interest, while the compounds of interest from M18003 were 

already known. The two samples M19019 and M1803 were therefore terminated from the 

project.  
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3.4 Column screening 

3.4.1 Sample preparation 

The organic extract M18004-L-04 and the aqueous extract M18008-W-05 were prepared for 

column screening with preparative HPLC. The equipment and chemicals used are listed in 

Table 7.  

Table 7: Equipment and chemicals used to prepare the organic extract M18004-L-04 and the aqueous extract 
M18008-W-05 for column screening. 

Materials/Equipment Distributor 

MeOH (>99.9%) Sigma-Aldrich, St.Louis, MO, USA 

Hexane (>97.0%) Sigma-Aldrich, St.Louis, MO, USA 

Acetonitrile prepsolv ® Merck, KGaA, Germany 

Laborota 4002 – control Rotary evaporator Heidolph Instruments GmbH & Co. KG 

Schwalbach, Germany 

Haerus Multifuge 3-SR Kendro Laboratory products, Odterode, 

Germany 

 

Aqueous extract of M18008-W-05: 

Around two grams of the lyophilized aqueous extract was weighed on an analytic scale and 

transferred to a tared Falcon tube and 30 mL 90% acetonitrile (ACN) was added. The mixture 

was shaken and then centrifuged at 4000 rounds per minute at 20°C for 2 minutes. The process 

led to a pellet and a clear liquid supernatant. The supernatant was transferred to a Florence flask 

with a pipette, and the process was repeated two times in an attempt to get as much as possible 

of the extract in the supernatant and to eliminate un-dissolvable compounds. The supernatant 

was removed between each centrifugation step and pooled in the same Florence flask. The 

sample was dried on a rotary evaporator under reduced pressure. The process was repeated 

under the same conditions as mentioned above, and the supernatant was transferred to the same 

Florence flask as in the first round. The sample was dried on a rotary evaporator until it was 

almost dry before being stored at 4°C in the refrigerator. 

Before injecting the sample into the preparative HPLC for a column screening, the sample was 

dissolved in 5 mL methanol. 

 

Organic extract of M18004-L-04: 

Around two grams of the lyophilized organic extract was weighed on an analytic scale and 

transferred to an Erlenmeyer flask. The weighed extract was transferred to a 500 mL separatory 

funnel by dissolving the organic extract in 150 mL hexane. To get as much as possible of the 
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organic extract to the funnel, 20 mL hexane was added to dissolve what was left in the 

Erlenmeyer flask, so the total amount of hexane used was 170mL. Then 150 ml 90% ACN was 

added to the separatory funnel and shaken. After 10 minutes the two immiscible phases were 

separated, and the ACN-phase ended up at the bottom and was collected in a Florence flask. 

This process was repeated two times where the ACN-phase ended up at the bottom and was 

collected in the same Florence flask. The sample was dried on a rotary evaporator until the 

sample was almost dry. The process was repeated in an attempt to get enough sample and to 

remove un-dissolvable compounds before the sample was stored at 4°C in the refrigerator. 

Before injecting the sample into the preparative HPLC for a column screening, the sample was 

dissolved in 3 mL methanol. 

3.4.2 Column screening 

Column screening was conducted to select a column with optimal separation of the compounds. 

The aqueous and the organic extract were dissolved in methanol and run through the preparative 

HPLC. The equipment and solvents used for the column screening can be seen in Table 8. 

 
Table 8: Equipment and chemicals used in column screening of the organic extract M18004-L-04 and the 

aqueous extract M18008-W-05. 

Materials/Equipment Distributor 

Xterra® Prep RP18 10 µM 10x300 mm column Waters, MA, USA 

Atlantis® Prep dC18 10 µM 10x250mm column Waters, MA, USA 

XSELECT™ CSH™ Phenyl-Hexyl Prep 5 µM 10x250 column Waters, MA, USA 

SunFire™ Prep C18 5 µM 10x250mm column Waters, MA, USA 

600 Controller Waters, MA, USA 

2996 photodiodide array detector Waters, MA, USA 

3100 mass detector Waters, MA, USA 

2767 sample manager Waters, MA, USA 

Flow splitter Waters, MA, USA 

Prep degasser Waters, MA, USA 

515 HPLC pump Waters, MA, USA 

SoftWare MassLynx 4.1 Waters, MA, USA 

Acetonitrile prepsolv ® 1139758 Merck, KGaA, Germany 

Formic acid Sigma-Aldrich, MO, USA 

Methanol 20864 Sigma-Aldrich, MO, USA 

MilliQ-H2O Merck, KGaA, Germany 

SC250 Express SpeedVac Concentrator Thermo Fischer Scientific, 

MA, USA 

Heto PowerDry® PL9000 Freeze Dryer Thermo Fischer Scientific, 

MA, USA 
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The sample was injected into four columns: SunFire, Xterra C18, Atlantis and Phenyl-Hexyl. 

The gradient of the mobile phases was the same on all the tested columns and can be seen in 

Table 9. The instrument parameters for the preparative HPLC instrument are listed in Table 10.  

 
Table 9: Mobile phase gradient used during column screening of the organic extract 18004-L-04 and the aqueous 
extract M18008-W-05 with preparative HPLC. Mobile phase A: MilliQ-H2O with 0.1% formic acid, mobile phase B: 

acetonitrile with 0.1% formic acid. 

Time (min) Flow (mL/min) A (%) B (%) 

Initial 6.00 90 10 

15.00 6.00 0 100 

20.00 6.00 0 100 

20.10 6.00 90 10 

21.00 6.00 90 10 

 
Table 10: Instrument parameters for the mass spectrometer used during column screening of the organic 

extract M18004-L-04 and the aqueous extract M18008-W-05. 

Parameters Settings 

Source temperature 120 

Desolvation Temperature 300 

Desolvation gas flow (liters/hour) 650 

Low mass (m/z) 200 

High mass (m/z) 2000 

Source type ESI+ 
 

 

3.5 Isolation 

3.5.1 Sample preparation 

The samples were prepared as described in section 3.4.1 “Sample preparation”. The equipment 

and chemicals used for the sample preparation can be seen in Table 11. 

Table 11: Equipment and chemicals used to prepare the organic extract 18004-L-04 and the aqueous extract 
M18008-W-05 for isolation with preparative HPLC. 

Materials/Equipment Distributor 

MeOH (>99.9%) Sigma-Aldrich, St.Louis, MO, USA 

Hexane (>97.0%) Sigma-Aldrich, St.Louis, MO, USA 

Acetonitrile prepsolv ® Merck, KGaA, Germany 

Laborota 4002 – control Rotary evaporator Heidolph Instruments GmbH & Co. KG 

Schwalbach, Germany 

Haerus Multifuge 3-SR Kendro Laboratory products, Odterode, 

Germany 

 



 

 22 

The preparation session was repeated three times for M18004-L-04 and five times for M18008-

W-05 to get enough material of the extracts. Before starting the isolation of compounds from 

the extracts, M18008-W-05 was dissolved in 8 mL methanol and M18004-L-04 was dissolved 

in 5 mL methanol. 

3.5.2 Isolation of target compounds from the extracts M18004-L-04 and 

M18008-W-05 

The isolation of target compounds from the organic extract M18004-L-04 and aqueous extract 

M18008-W-05 were conducted with preparative HPLC. The equipment and chemicals used 

during isolation can be seen in Table 12. 

Table 12: Equipment and chemicals used during isolation of compounds from the organic extract M18004-L-04 
and the aqueous extract M18008-W-05 with preparative HPLC. 

Materials/Equipment Distributor 

Xterra® Prep RP18 10 µM 10x300 mm column Waters, MA, USA 

Atlantis® Prep dC18 10 µM 10x250mm column Waters, MA, USA 

XSELECT™ CSH™ Phenyl-Hexyl Prep 5 µM 10x250 column Waters, MA, USA 

SoftWare MassLynx 4.1 Waters, MA, USA 

600 Controller Waters, MA, USA 

2996 photodiodide array detector Waters, MA, USA 

3100 mass detector Waters, MA, USA 

2767 sample manager Waters, MA, USA 

Flow splitter Waters, MA, USA 

Prep degasser Waters, MA, USA 

515 HPLC pump Waters, MA, USA 

Acetonitrile prepsolv ® 1139758 Sigma-Aldrich, MO, USA 

Formic acid Sigma-Aldrich, MO, USA 

Methanol 20864 Sigma-Aldrich, MO, USA 

MilliQ-H2O Merck, KGaA, Germany 

SC250 Express SpeedVac Concentrator Thermo Fischer Scientific, 

MA, USA 

Heto PowerDry® PL9000 Freeze Dryer Thermo Fischer Scientific, 

MA, USA 

 

Isolation of the target compounds from extract M18004-L-04 and M18008-W-05 was 

conducted on reverse phase HPLC columns. The first and the second isolation of M18004-L-

04 were obtained with a Phenyl-hexyl column. The first isolation of M18008-W-05 was 

obtained with an Xterra column, but since the mass from dereplication could not be detected, 

M18008-W-05 was terminated from the project. The gradient of the mobile phase and the 
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instrument parameters were the same as used in the column screening (Table 9 and Table 10). 

The compounds were collected using “time-based fractionation” and “mass triggered 

fractionation”. The collection method during the first isolation is listed in Table 13. 

 

Table 13: An overview of the first isolation of the target compounds from the organic extract M18004-L-04 on 
preparative HPLC. The table shows the protonated mass of the collected fractions and the collection method. 

Compound Protonated mass [M+H] Collection method 

M18004-L-04 222 Mass triggered 

M18004-L-04 366 Time Fraction 

 

After the first isolation, the collected fractions were dried on a rotary evaporator and dissolved 

in methanol before conducting the second isolation process. Table 14 summarizes the 

protonated mass of the collected fractions and the collection method used in the second 

isolation. Each compound was given a name based on the mass that was isolated. For example, 

the mass 222 was isolated from extract M18004-L-04 and is named M18004-L-04-222. 

 

Table 14: An overview of the second purification of target compounds from the organic extract M18004-L-04. The 
table show the protonated mass of the collected fractions and the collection method. 

Compound Protonated mass [M+H] Collection method 

M18004-L-04-222 222 Mass triggered 

M18004-L-04-255-1 255 Time fraction 

M18004-L-04-366 366 Time fraction 

M18004-L-04-255-2 255 Mass triggered 

M18004-L-04-243 243 Mass triggered 

 

The collected fractions after the second isolation were dried on a rotary evaporator. Target 

compounds from extract M18004-L-04 were isolated in two rounds with the same column as 

listed in Table 15.  
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Table 15: An overview of the columns used in the first and second isolation of target compounds from extract 

M18004-L-04 with preparative HPLC. 

Compound HPLC separation round Column packing material 

M18004-L-04-222 
First Phenyl-hexyl 

Second Phenyl-hexyl 

M18004-L-04-243 
First Phenyl-hexyl 

Second Phenyl-hexyl 

M18004-L-04-255-1 
First Phenyl-hexyl 

Second Phenyl-hexyl 

M18004-L-04-255-2 
First Phenyl-hexyl 

Second Phenyl-hexyl 

M18004-L-04-366 
First Phenyl-hexyl 

Second Phenyl-hexyl 

 

3.6 Nuclear magnetic resonance spectroscopy 

The compounds M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-366 were 

isolated in a sufficient quantity and were sent for structure elucidation with NMR. M18004-L-

04-222 and M18004-L-04-243 were not isolated in a sufficient amount to obtain NMR data and 

were terminated from the project. This part of the project and the interpretation of the data was 

performed by Dr. Johan Isaksson at the Department of Chemistry at UiT – the Arctic University 

of Norway.  

3.7 Bioactivity screening 

A stock solution of M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-366 was 

made by dissolving the samples in (DMSO) to a concentration of 10 mM. The stock solution 

was further diluted with Milli-Q-H20 to 20, 100 and 200 μM for the antibacterial growth 

inhibition assay. For the anticancer assay, the stock was diluted in Dulbecco´s Modified Eagle´s 

Medium (DMED) to 20, 100 and 200 μM. 
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3.7.1 Anticancer assay 

In the anticancer screening, the samples were tested on a human melanoma cancer cell-line 

A2058. The assay was performed in a class II safety cabinet to provide aseptic conditions. The 

materials and equipment used to perform the anti-cancer assay are listed in Table 16. 

 
Table 16: An overview of the materials and equipment used when performing anti-cancer assay. 

Materials/Equipment Distributor 

DMEM (Dulbecco´s Modified Eagle´s Medium), 

D6171-500ML 

Merck Life science AS (sigma) 

Gentamycin, A2712 VWR (Biochrom) 

Glutamine stable 200 mM, X0551-100 VWR (Biowest) 

FBS (Fetal Bovine Serum), S1810-500 VWR (Biowest) 

Trypsin, X0930 VWR (Biowest) 

Trypan blue, T8154 Merck Life Science AS 

PBS (phosphate buffer saline) - 

DMSO (Dimethyl sulfoxide), D4540 Merck Life Science AS 

CellTiter 96® Aqueous One Solution reagent, 

G3581 

Nerliens (Promega) 

 

3.7.1.1 Preparation of cell culture 

The human melanoma cancer cells (A2058) were kept in an appropriate cell culture medium  

called Dulbecco´s Modified Eagle´s Medium (DMEM) as seen in Table 17. 

 

Table 17: An overview of cell type, cell line and ATCC number with appropriate cell culture media used when 
performing anti-cancer assay. 

Cell type 

(ATCC number) 

Cell line Cell culture media 

A2058 

(ATCC CRL-114) 

Human melanoma, 

malignant cell 

Dulbecco´s Modified Eagle´s 

- 10% Fetal Bovine serum (FBS) 

- 1% L-Alanyl-L-glutamine 

- 0.1% gentamycin 

 

When the cells had a density of 70-80%, the cell-line was split in ratio 1:10-1:20 to preserve 

the culture. Since the cells were attached to the bottom of the flask, the cell culture was removed 

from the flask, and phosphate buffer saline (PBS) was added to remove the excess of the cell 

culture. The next step was adding trypsin to help the cells detach from the bottom of the flask. 

To ensure each well in the microtiter plate had an amount of 2000 cells, 100 μL trypan blue and 
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100 μL cell suspension were measured with a Bürker chamber. The trypan blue penetrates the 

cell membrane of cells with damaged cell membrane or dead cells, binds to the DNA and colors 

the cell blue. This makes it possible to only count the healthy cells. The cell suspension was 

diluted with a cell culture medium to make sure the 96-well microtiter plates had 2x104 cells/mL 

in each well. 100 μL of the diluted cell suspension was transferred to each well, and the plate 

was incubated at 37°C with 5% CO2 over the night to allow the settling of cells to the well.  

 

3.7.1.2 Sample preparation for anticancer screening 

The target compounds M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-366 were 

as mentioned diluted in DMEM to a concentration of 20, 100 and 200 μM. When transferring 

the samples to the cell lines in the 96-well microtiter plates, they were diluted in the ratio 1:2, 

resulting in a final test concentration of the compounds of 10, 50 and 100 μM. First, the cell 

culture was removed from the wells, and new fresh cell culture was added in an amount of 50 

μL. An amount of 50 μL of the compounds was added in triplicate to the wells. The microtiter 

plate also had a negative and positive control. The negative control consisted of 100 μL fresh 

cell culture, which attended to give the cell 100% cell survival. The positive control contained 

10% DMSO and 90% fresh cell culture, attending to give the cell 0% cell survival. The plates 

were incubated at 37°C with 5% CO2 for 72 hours.  

3.7.1.3 Reading the results 

 

After 72 hours of incubation, 10 μL of CellTiter 96® Aqueous One Solution reagent (AQOS) 

was transferred to each well in the microtiter plate. The plate was incubated at 37°C with 5% 

CO2 for 1 hour. The optical density (OD) was measured with DTX 880 Multimode Detector 

at 490 nm. The equation for calculating the percentage of cell survival is presented below 

(Equation 1). The cytotoxic activity was scored to the cell survival and was divided into three 

groups as active (A), inactive (I) or questionable (Q). 

 
Equation 1: Cell survival is calculated using the given equation. Fractions represent the average OD-value 

measured in the wells with fractions. Positive control represents the average OD-value measured in the wells with 
positive controls, while negative controls represent the average OD-value measured in the wells with negative 

controls. 
 

 

Cell survival (%) =
(Fraction − Positive control)  ∙  100%

(Negative control − Positive control)
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3.7.2 Antibacterial growth inhibition assay 

In the antibacterial growth inhibition assay, the samples were tested on five different pathogens 

E. faecalis, E. coli, P. Aeruginosa, S. agalactiae and S. aureus. The materials and equipment 

used to perform the assay is listed in Table 18. 

 
Table 18: An overview of the materials and equipment used when performing antibacterial growth inhibition 

assay. 

Materials/Equipment Distributor 

Enterococcus faecalis, ATCC 29212 LGC Standards 

Escherichia coli, ATCC 25922 LGC Standards 

Pseudomonas aeruginosa, ATCC 27853 LGC Standards 

Staphylococcus aureus, ATCC 25923 LGC Standards 

Streptococcus agalactiae, ATCC 12386 LGC Standards 

MilliQ-H2O Merck Millipore 

Mueller-Hinton (MH) broth, 53286 Sigma Aldrich 

Brain Heart Infusion (BHI), 275730 Difco 

Blood Agar plate Media Kitchen UNN 

Gentamicin, A2712 VWR 

Victor Multilabel Counter PerkinElmer 

Shaking incubator 37°C Heidolph Instrument GmbH 

Incubator 37°C, MIR-262 Panasonic healthcare 

Microtiter plates, 734-2073 VWR International 

 

3.7.2.1 Preparation of bacterial strains 

The five bacterial strains E. faecalis, E. coli, P. Aeruginosa, S. agalactiae and S. aureus were 

kept on blood agar plates and were stored in the refrigerator at 4°C. When performing 

antibacterial growth inhibition assays, a scoop of the five bacterial strains from the five different 

blood agar plates was transferred to 8 mL growth medium, as shown in Table 19. The bacterial 

cultures were incubated at 37°C for approximately 20 hours.  
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Table 19: An overview of the growth medium and American type culture collection (ATCC) number of the five 
bacterial strains. 

Bacterium Growth media 

Enterococcus faecalis (ATCC 29212) Brain heart infusion (BHI) 

Escherichia coli (ATCC 25922) Mueller-Hinton (MH) 

Pseudomonas aeruginosa (ATCC 27853) Mueller-Hinton (MH) 

Staphylococcus aureus (ATCC 25923) Mueller-Hinton (MH) 

Streptococcus agalactiae (ATCC 12386) Brain heart infusion (BHI) 

 

An amount of 2 mL of the bacterial cultures of each pathogen was transferred to an Erlenmeyer 

flask with 25 mL growth medium and was incubated at 37°C at 100 rounds per minute. After 

incubation for 1.5 hours for E. faecalis, E. coli and Streptococcus agalactiae and 2.5 hours for 

E. coli and P. Aeruginosa (Table 20), each strain was diluted in the ratio 1:1000 in growth 

medium so the cultures reached a McFarland standard at 0.5.  

 

Table 20: An overview of the incubation time and colony forming units/mL (CFU/mL) of the five bacterial strains 

Bacterium Incubation time (hours) CFU/mL 

Enterococcus faecalis 1.5 0.5-3x105 

Escherichia coli 1.5 0.5-3x105 

Pseudomonas aeruginosa 2.5 3-7x104 

Staphylococcus aureus 2.5 0.5-3x105 

Streptococcus agalactiae 1.5 0.5-3x105 

 

3.7.2.2 Sample preparation for antibacterial growth inhibition assay 

The compounds M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-366 were as 

mentioned diluted with MilliQ-H2O to a concentration of 20, 100 and 200 μM. When 

transferring 50 μL the samples to the 96-well microtiter plates (one for each bacterial strain), 

they were diluted in the ratio 1:2, and the final test concentration of the compounds was 10, 50 

and 100 μM. Bacterial suspension (50 μL) was added in duplicates to five different microtiter 

plates. Each microtiter plate had a negative control and a growth control. The negative control 

consisted of 50 μL growth media and 50 μL Milli-Q-H2O and was applied to ensure that the 

growth medium or Milli-Q-H2O were not contaminated. The growth control (positive) 
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consisted of 50 μL Milli-Q-H2O and 50 μL bacterial suspension and was applied to ensure the 

bacteria grew normally. 

 

A gentamycin control was prepared in a separate 96-well microtiter plate at a concentration of 

0.02-16 μg/ml. 50 μL of gentamycin and 50 μL of the bacterial suspension were added to each 

well. The gentamycin control was conducted to make sure the bacterial strains had normal 

reaction to antimicrobial compounds. This was done by finding the lowest concentration of 

gentamycin that inhibits the growth of the five pathogens. Each bacteria strain has its own 

minimal inhibitory concentration (MIC) value, and the measured MIC-value for gentamycin 

for each bacterium was compared to the reference listed in Table 21. 

 

Table 21: Reference minimal inhibitory concentration (MIC)-value for gentamycin of the five bacterial strains. 

Bacterium Reference MIC-value for gentamycin 

(μg/mL) 

Enterococcus faecalis 8 

Escherichia coli 0.13 

Pseudomonas aeruginosa 0.25 

Staphylococcus aureus 0.06 

Streptococcus agalactiae 4 

 

All the six 96-well microtiter plates with the five different bacteria and the gentamycin control 

were incubated overnight at 37°C. After 19-20 hours, the optical density (OD) was measured 

at 600nm in the wells using the Victor plate reader. The antibacterial activity was scored to the 

measured absorbance and was divided into three groups as active (A), inactive (I), or 

questionable (Q). 
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4 Results and discussion 

4.1 Dereplication 

Flash fractions from the four samples M18003, M18004, M18008 and M19019 (Table 1) 

showed bioactivity against the human melanoma cancer cell line (A2058) and were chosen for 

dereplication. The fractions were analyzed with HPLC-HR-MS to identify the target 

compound(s) that potentially were responsible for the observed bioactivity in the anticancer 

assay and evaluate whether these compound(s) were novel, known, or known with novel 

bioactivity (47). The chromatograms of the inactive fractions that eluted before and after the 

active fractions were compared to the chromatogram of the active fraction to investigate 

whether there were peaks only present in the active fractions. When a unique peak was 

observed, the MS software was used to calculate a possible elemental composition by using the 

isotopic pattern and the accurate mass for the target compound. The elemental composition was 

used to search in databases to consider if the compound was novel or not. Most compounds that 

are dereplicated are usually already known, so when a compound with suspected novel structure 

or known compounds where the bioactivity has not been explored is identified, they are selected 

for further investigations (10).  

 

M18003 showed a series of peaks with higher abundances in the active fraction compared to 

the inactive fraction. Searches in databases were found to match compounds previously isolated 

from S. securifrons. This included securidine A and securamine C and E (structures in Figure 

4). As the identified securamine family of compounds are known to be potent cytotoxic 

compounds, as well as several members of the securidine family of compounds have been 

isolated and their bioactivities have been thoroughly investigated, M18003 was not selected for 

further examination. 

 

 

Figure 4: Structures of securamine C, securamine E and securidine A, which were all present in the active 
fractions of M18003 (61). 



 

 31 

M18019 showed no obvious compounds of interest in the active fraction and this sample was 

therefore terminated from the project. Since some molecules only ionize in negative mode  

(ESI-) and some only in positive mode (ESI+), the analysis should be run with both modes to 

capture as much information about the components as possible. In this project, the fractions 

from the four samples (Table 3) were only tested in positive mode, and molecules that only 

ionize in negative mode will not be identified. Due to the time limitations of a master project, 

it was not prioritized to reanalyze the M18019 using negative mode ionization. M18004 and 

M18008 were selected for further isolation. The explanation is described in the sections below.  

 

4.1.1 Dereplication of flash fractions from M18004-L 

Figure 5 shows the base peak intensity (BPI) chromatogram of the active fraction M18004-L-

04 (middle panel) and the inactive fractions M18004-L-03 (top panel) and M18004-L-05 

(bottom panel). The peak that eluted with a retention time of 3.08 (Figure 5), and mass of m/z 

366 (Figure 7) was present at a higher relative abundance in the active fraction than in the 

inactive fractions as can be seen in the ion chromatogram (Figure 6). The peaks eluting to the 

right in the chromatogram are most likely lipids, fatty acids, or other compounds not of interest 

because of lipophilicity. It is desirable for an active substance in a drug to have lipophilic and 

hydrophilic properties. Thus, is the compound eluting in the middle of the gradient with a 

retention time of 3.08 and an m/z 366 selected for further isolation (44). The elemental 

composition was determined to be C15H20BrN5O. Searches in relevant databases did not result 

in any hits that matched this compound. 
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Figure 5: HPLC-HR-MS BPI chromatogram of fraction M18004-L-03, M18004-L-04 and M18004-L-05. The 

chromatogram of the active fraction is marked (A), while the chromatogram of the inactive fraction is marked (I). 
The x-axis shows retention time (min) and the y-axis the signal intensity. 

 

 
Figure 6: HPLC-HR-MS ion chromatogram of m/z 366 in fraction M18004-L-03, M18004-L-04 and M18004-L-05. 
The chromatogram of the active fraction is marked (A), while the chromatogram of the inactive fraction is marked 

(I). The x-axis shows retention time(min) and the y-axis the signal intensity. 
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The mass spectrum of M18004-L-04-366 can be seen in Figure 7, showing an isotopic pattern 

with two similar peaks only two mass units apart. The natural abundance of bromine isotopes 

in nature is in the ratio of 51:49, where 50.69% are 79Br and 49.31% are 81Br. The isotopic 

pattern indicated that the eluted compound was mono-brominated, where the peak with m/z 

366.09260 is 79Br and the peak with m/z 368.09128 is 81Br. The two other peaks in the spectrum 

at m/z 367.09492 and m/z 369.09389 are most likely carbon isotopes. The natural abundance of 

carbon is in the ratio of 99:1, where 98.89% is 12C and 1.11% is 13C (62). The elemental 

composition was calculated to be C15H20BrN5O by the software, which underlines that bromine 

is included in the structure. It is relatively common for marine natural products to biosynthesize 

products that contain halogens such as bromine (63). Halogen atoms in chemical structures can 

affect the biological activity and generate an antagonistic or agonistic effect with 

conformational changes in the active site on the target molecule. They can also inhibit cellular 

processes associated with cancer, such as stimulating apoptosis (64). Since the extract M18004-

L-04 had shown biological activity against a cancer cell line, it was not unlikely that this could 

be the compound responsible for the activity. The combination of the chemical structure with 

halogen and that there are, to my knowledge, no compounds reported isolated from the species 

L. quadricornis previously, made this compound interesting.  

 

 

 
Figure 7: HPLC-HR-MS mass spectrum of compound m/z 366 in the active fraction M18004-L-04. The x-axis 

shows the mass (m/z), and y-axis shows the signal intensity. 
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4.1.2 Dereplication of flash fraction from M18008-W 

Figure 8 shows the base peak intensity (BPI) chromatogram of the active fraction M18008-W-

05 (bottom panel) and the inactive fraction M18008-W-04 (top panel). In the active fraction, 

most peaks eluted late in the chromatogram, but one peak stood out and was separated from the 

other peaks. This peak eluted with a retention time of 3.46 (Figure 8) and m/z 556 (Figure 10) 

and was present at a higher relative abundance in the active fraction than in the inactive fraction 

as seen in the ion chromatogram  (Figure 9). The charge state of this peak was 5 and the neutral 

mass was determined to be 2777.5 Da. The elemental composition was calculated to be 

C119H204N36O40, but the statistics of this calculation was not very good. Nevertheless, the 

compound was a candidate for bioactivity testing and was chosen for isolation. 

 

 

 

Figure 8: HPLC-HR-MS BPI chromatogram of fraction M18008-W-04 and M18008-W-05. The chromatogram of 
the active fraction is marked (A), while the chromatogram of the inactive fraction is marked (I). The x-axis shows 

retention time(min) and the y-axis the signal intensity. 
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Figure 9: HPLC-HR-MS ion chromatogram of m/z 566 in fraction 18008-W-04 and M18008-W-05. The 

chromatogram of the active fraction is marked (A), while the chromatogram of the inactive fraction is marked (I). 
The x-axis shows retention time(min) and the y-axis the signal intensity. 

Figure 10 shows the mass spectrum of the peak eluting at retention time 3.46 in the active 

fraction M18008-W-05. The three major peaks in the mass spectrum represent the different 

charge states of the compound, as indicated by the number above their m/z values. By 

multiplying the m/z values with their charge states and subtracting the respective numbers of 

protons (assuming that the compound is protonated), the neutral mass of the compound is 

obtained to be 2777 Da. Because of the high weight of the molecular ion and multiple charges, 

it may indicate that this molecule is a peptide. Peptides have shown to be capable of having 

cytotoxic activity against cancer cells without affecting healthy normal cells. The mechanism 

behind the selectively anticancer effect is not fully known. One suggestion is that cancer cells 

are negatively charged as they contain anionic molecules on their membranes. Since peptides 

are cationic and healthy normal cells are zwitterionic, the electrostatic interactions between the 

peptide and the cancer cell will lead to target selectivity and cell death by membrane disruption.  

Peptides have also expressed an antibacterial effect against both Gram-negative and Gram-

positive pathogens. Bacteria also have a negatively charged membrane that works as a target 

for the peptide leading to membrane disruption and cell death (65). The properties of peptides 

to potentially have activity against cancer cells and bacteria, made this compound interesting 

and it was therefore selected for isolation. 
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Figure 10: HPLC-HR-MS mass spectrum at retention time(min) 3.46 of the active fraction M18008-W-05. The x-

axis shows the mass (m/z), and y-axis shows the signal intensity. 

 

 

Figure 11 is a section of the mass spectrum of the peak eluting at 3.46 in the active fraction 

M18008-W-05. The fraction has 4 charges and 0.25 mass units between each peak. The same 

pattern would be seen in the mass spectrum with 5 charges and 0.2 mass units between each 

peak, and in a spectrum with 6 charges it would have been 0.16 mass units between each peak.  

 

 

 
Figure 11: HPLC-HR-MS mass spectrum at retention time(min) 3.46 of the active fraction M18008-W-05. The x-

axis shows the mass (m/z), and y-axis shows the signal intensity. 
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4.2 Column screening 

Before starting the isolation of the target compound with preparative HPLC, a column screening 

was conducted to optimize the conditions for the isolation process. Four different columns were 

used: SunFire, Xterra C18, Atlantis and Phenyl-Hexyl (Figure 12). 

 

 

Figure 12: Overview of the four different reverse-phase columns used during column screening. Figure made by 
Kine Østnes Hansen. 

The difference in the columns can be utilized when isolating the target compound using 

preparative HPLC. The stationary phase in the columns is different and varies in its 

lipophilicity. Xterra, Sunfire and Atlantis have a silica backbone with a C18 hydrocarbon 

attached. However, they are not entirely similar because of small modifications on the silica-

particles, as well as different sizes and shapes of the particles. Phenyl-hexyl also has a silica 

backbone, but has an aromatic ring attached to the hydrocarbon chain. This makes it possible 

to have pi-pi interactions with the analyte that will affect the strength of the interaction. The 

column dimension, such as the length and diameter will also affect the separation (66). Since 

M18004-L-04 and M18008-W-05 are extracts from crude samples from the sea, they can 

consist of hundreds of components. Therefore, it is essential to select the column that gives 

optimal separation of the compounds. If the target compounds need to be purified in several 

steps, it is common to utilize the difference in the columns and change it between each isolation. 

Evaluating the chromatograms obtained in the column screening will then help evaluate which 

column to select.  

 

 

 

 

 

4
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Figure 13 shows the total ion chromatogram (TIC) of the column screening of M18004-L-04 

(left) and M18008-W-05(right) on the four columns. For the M18004-L-04 extract, the Phenyl-

hexyl (A) column was chosen for isolation as the peak was narrow and was the column that 

gave the best separation between the target compounds and the impurities. For the M18008-W-

05 extract, the Xterra C18 (D) column was chosen for isolation as the peak of the target 

compound was narrow and did not overlap with the other compounds.  

 

Figure 13: Total ion chromatogram (TIC) of the aqueous extract of M18004-L-04 and organic extract M18008-W-
05 on four different columns: A) Phenyl-hexyl, B) Atlantis, C) Sunfire, D) Xterra C18. The x-axis shows the 

retention time (min) and the y-axis the signal intensity. 
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4.3 Isolation  

The isolation process on the preparative HPLC is conducted to get purified material for 

structure elucidation and bioactivity profiling. From dereplication with HR-MS the m/z 366 

from M18004-L-04 and m/z 566 from M18008-W-05 were selected for isolation. During the 

isolation process of M18004-L-04 other masses of interest were selected to be isolated, while 

m/z 566 from M18008-W-05 could not be detected and was terminated from the project. An 

overview of the isolated compounds is illustrated in Figure 14. 

 

Figure 14: An illustration of the isolated compounds during the first and second isolation with preparative HPLC. 

 

4.3.1 Isolation of the target compounds from the organic extract M18004-

L-04 

M18004-L-04 

The first round of compound isolation from the M18004-L-04 extract was performed using 

preparative HPLC equipped with a phenyl-hexyl column where the aim was to isolate the 

compound found with HR-MS analysis with a m/z 366 (M18004-L-04-366). The compound 

with m/z 222 (M18004-L-04-222) was also collected since the mass spectrum of this compound 

from the preparative HPLC indicated that it contained a similar mono brominated isotopic 

pattern. Mass triggered fractionation was used to collect M18004-L-04-222 and time 
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fractionation to collect M18004-L-04-366. Since the mass of the target compound from 

dereplication is known, it is natural to use mass triggered fractionation when isolating the target 

compounds. No compound was collected when performing isolation with mass triggered 

fractionation on M18004-L-04-366. Therefore, time fractionation was used to isolate this 

compound. In retrospect, it is conceivable that the threshold for mass collection maybe was too 

high and it should have been tried adjusted, especially since the peak of M18004-L-04-366 

showed a low signal intensity.  The base peak intensity chromatogram of this isolation is seen 

in Figure 15.  

 

Figure 15: Base peak intensity chromatogram of the first isolation of compounds from M18004-L-04 using a 
phenyl-hexyl column. The colored areas mark individually collected fractions. The x-axis shows the retention time 

(min) and the y-axis the signal intensity. 

 

M18004-L-04-366 

M18004-L-04-366 was isolated in a second round to remove impurities that followed from the 

first isolation. In the isolation of M18004-L-04-366, a Phenyl-hexyl column was used. The 

signal intensity of the peak of M18004-L-04-366 was still poor and other peaks with higher 

signal intensity appeared. The mass spectrum from the preparative HPLC displayed that these 

compounds contained the same isotopic pattern. Since these compounds also had a mono 

brominated isotopic pattern, they were suspected of having an association with M18004-L-04-

366. Therefore, m/z 222 (M18004-L-04-222), m/z 243 (M18004-L-04-243) and m/z 255 

(M18004-L-04-255-1 and M18004-L-04-255-2) were also selected to be isolated. M18004-L-

04-255-1 and M18004-L-04-255-2 have the same m/z-value but different retention times and 
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are therefore suspected to be isomers. Isomers are when two compounds have the same 

elemental composition with some structural differences, such as different positions of 

functional groups. Isomers are common in natural products and are important to be aware of as 

minor differences in the structure can give different physiological activities (67). M18004-L-

04-366 was collected using time triggered fractionation, while mass triggered fractionation was 

used to collect M18004-L-04-222, M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-

04-243. The base peak intensity chromatogram of this isolation is presented in Figure 16. 

 

 

Figure 16: Base peak intensity chromatogram of the second isolation of M18004-L-04-366 using a phenyl-hexyl 
column. The colored areas mark individually collected fractions. The x-axis shows the retention time (min) and the 

y-axis the signal intensity. 

 

M18004-L-04-222 

M18004-L-04-222 was isolated in a second round to remove impurities that followed from the 

first isolation. In the isolation of M18004-L-04-222 a Phenyl-hexyl column was used. The mass 

spectrum from the preparative HPLC displayed another compound with m/z 255 (M18004-L-

04-255-1) containing the same isotopic pattern. Since the compound also had a mono 

brominated isotopic pattern, it was suspected of having an association with M18004-L-04-222 

and was therefore selected to be isolated. M18004-L-04-255-1 was also found in the second 

isolation of M18004-L-04-366, and the possibility that they are related makes it extra 

interesting. M18004-L-04-222 and M18004-L-04-255-1 were collected using time 

fractionation. The base peak intensity chromatogram of this isolation is presented in Figure 17. 
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Figure 17: Base peak intensity chromatogram of the second isolation M18004-L-04-222 using a phenyl-hexyl 
column. The colored areas mark individually collected fractions. The x-axis shows the retention time (min) and the 

y-axis the signal intensity. 

 

The isolation resulted in 0.76mg of M18004-L-04-255-1, 2.33 mg of M18004-L-04-255-2 and 

2.69 mg of M18004-L-04-366 that were analyzed on NMR. It was not enough isolated product 

of M18004-L-04-222 and M18004-L-04-243 to obtain useful NMR data and they were 

therefore terminated from the project. 

 

4.3.2 Isolation of the target compounds from aqueous extract M18008-W-

05 

M18008-W-05 

The first round of compound isolation from the M18008-W-05 extract was performed using 

preparative HPLC equipped with an Xterra C18 column. The aim was to isolate the compound 

selected from the dereplication (m/z 566). This compound could not be found during the 

isolation process, and therefore was M18008-W-05 terminated form the project. 
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4.4 NMR 

NMR is a non-destructive method which is preferable as molecules are kept intact and can be 

further used for bioactivity screening after analysis. Recording and interpretation of NMR data 

was performed by Dr. Johan Isaksson, at the Department of Chemistry at UiT – the Arctic 

University of Norway. The following compounds were submitted to structure elucidation using 

NMR: M18004-L-04-255-1, M18004-L-04-255-2, M18004-L-04-366. 

4.4.1 NMR analysis of M18004-L-04-366 

The compound of interest from dereplication was calculated to have the elemental composition 

C15H20BrN5O with a protonated mass of 366 Da. The result from NMR showed that the isolated 

structure M18004-L-04-366 had an elemental composition C10H12BrN2 with a molecular mass 

of 240 Da. From the isolation with preparative HPLC to structure elucidation with NMR, the 

sample had a structural loss of C5H6N3O. Further in this thesis, this sample would be named 

M18004-L-04-240. The structure of M18004-L-04-240 can be seen in Figure 18. The structure 

of the compound was used as input in the ChemSpider and PubChem databases. This showed 

that the structure was the previously known compound named 6-bromotryptamine. 6-

bromotryptamine is a known natural product isolated from the marine organisms Lissoclinum 

and Didemnum candidum (68). From isolation with preparative HPLC to structure elucidation 

with NMR, the sample had a structural loss, the mechanism behind this change in elemental 

composition is unknown. It is however a well-known fact that several compounds are liable to 

degradation in the presence of acid. During the preparative HPLC isolation step, 0.1% FA is 

used in the mobile phase. The boiling point of FA is 100.8°C and entails that FA will be 

concentrated during the first parts of the rotavapor drying step as the organic solvent is 

evaporated before both FA and water. This might cause an acid-catalyzed hydrolysis of the 

compound. An article has been published about compounds from nature that degraded in line 

with the concentration of FA in the mobile phase due to acid catalyzed reactions (69).  
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Figure 18: Chemical structure of the isolated product M18004-L-04-240.The molecular formula was C10H12BrN2. 

 

4.4.2 NMR analysis of M18004-L-04-255-1 and M18004-L-04-255-2 

The results from NMR of M18004-L-04-255-1 and M18004-L-04-255-2 showed a structure 

with the elemental composition C10H11BrN2O and a mass of 254 Da and can be seen in Figure 

19. No hits were detected in searches with structure in databases such as ChemSpider and 

PubChem. The compounds were suspected as isomers during the isolation process as they 

contained the same mass but eluted at different retention times. The result from NMR showed 

that M18004-L-04-255-1 and M18004-L-04-255-2 have the same chemical structure and mass, 

but there was no information about the stereochemistry. If the compounds are isomers of each 

other is therefore still unfortunately unknown. 

 
Figure 19: Structure of the isolated products M18004-L-04-255-1 and M18004-L-04-255-2. The molecular 

formula was C10H11BrN2O. 
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4.5 Bioactivity screening 

4.5.1 Anticancer assay 

The isolated compounds M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-240 

were tested against A2058 (human melanoma cancer cell line) for cytotoxic activity. The 

samples were tested using an Aqueous One Solution Cell Proliferation Assay. This is a 

colorimetric method used to determine cell survival in the wells. The yellow tetrazolium salt 

(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium 

salt), also called MTS is added to each well as a reagent. MTS reduces to a purple formazan 

product by the mitochondria of living cells (Figure 20). 

 

 

Figure 20: Reduction of MTS to formazan by the mitochondria of metabolically active (living) cells (70). 

Metabolically non active cells will not be able to reduce MTS to formazan and will be observed 

as a yellow liquid. A high degree of transformation of MTS molecules into the formazan variant 

indicated that cells are not affected as seen in the 96-well-microtiter plate from this project in 

Figure 21. If a low percentage of the MTS molecules are reduced (the wells remain yellow), 

this indicates that a percentage of the cells has not survived exposure to the test compound. 

Formazan absorbs light at 490 nm which makes it possible to determine the cell viability since 

the quantity of formazan that is produced is directly proportional to the level of viable cells in 

the well (70).  
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Figure 21: The wells in the middle of the 96-well-microtiter plate is colored dark purple. This indicates that the 
metabolically active cells have reduced MTS into formazan, and the cells are not affected by M18004-L-04-255-1, 

M18004-L-04-255-2 or M18004-L-04-240. 

 

As seen in Figure 22, the cell survival of the tested isolated compounds on A2058 was 

approximately 100% and there was no cytotoxic activity detected. Since the graph of the three 

different concentrations is almost flat, no dose-response is identified.  

 
Figure 22: Results from the anti-cancer assay of M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-240 
against human melanoma cell line A2089. The isolated compounds were tested in concentration 10, 50 and 100 

μM. 

4.5.2 Antibacterial growth inhibition assay 

The isolated compounds M18004-L-04-255-1, M18004-L-04-255-2 and M18004-L-04-240 

were tested against the bacterial strains E. faecalis, E. coli, P. Aeruginosa, S. agalactiae and S. 

aureus. E. coli and P. Aeruginosa are two Gram-positive pathogens listed as priority 1 by WHO. 

S. aureus is a Gram-negative pathogen and is listed in priority 2 by WHO. As mentioned, the 

priority 1 is listed as critical and priority 2 is listed as high. This specifies that new antibacterial 

agents against these pathogens are urgent to overcome the resistance and is one of the reasons 
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why this assay were selected in this project. The optical density (OD) was measured with an 

absorbance at 600 nm. It is desirable with a low OD-value since a clear liquid where the light 

passes through indicates few bacteria in the well. The OD-value will increase the more bacteria 

there are in the well. As seen in Figure 23, the OD-value of the tested isolated compounds on 

the five different pathogens was over 0.05 and no antibacterial activity was detected. Since the 

graph of the three different concentrations is almost flat, no dose-response is identified. 

 

 
Figure 23: Results from the antibacterial growth inhibition assay of M18004-L-04-255-1 and M18004-L-04-255-2, 

M18004-L-04-240 against E. faecalis, E. coli, P. Aeruginosa, S. agalactiae and S. aureus. The isolated 
compounds were tested in concentrations 10, 50 and 100 μM, and the optical density was measured at 600nm. 
The red dot line illustrates the cut off-value, where the absorbance <0.05 indicates activity against the bacteria. 

 

  



 

 48 

5 Conclusions 

 

The result from this study shows that new compounds can be isolated from marine 

invertebrates. It furthermore highlights some of the challenges associated with this process, 

such as challenges related to isolation of the active component of an extract/fraction and sample 

degradation during sample handling. For fractions from S. securifrons the securamines were 

observed as some of the main components in the active fractions during dereplication. The 

securamine are known to be potent cytotoxic compounds. For the remaining fractions from L. 

quadricornis, P. indet and V. norvegicus, the bioactive component was not identified and thus 

remains to be determined. None of the isolated compounds were found to be bioactive against 

human melanoma cancer cells (A2058) or against the bacterial strains E. faecalis, E. coli, P. 

Aeruginosa, S. agalactiae and S. aureus. 
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7 Appendix 

3.6 Nuclear magnetic resonance spectroscopy 

In brief, the NMR experiments were acquired on a Bruker Avance III HD spectrometer 

operating at 599.90 MHz for protons, equipped with an inverse detected cryo-probe enhanced 

for 1H, 13C, and 2H. The NMR samples were prepared in d6- dimethyl sulfoxide (DMSO). 

Experiments were typically acquired using gradient selected adiabatic versions where 

applicable. All experiments were acquired using Top Spin 3.5 pl2 at 298 K. 
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